A retrospective analysis of seven patients with intraventricular neurocytoma is presented. Patient age at diagnosis ranged from 15 to 38 years (mean 24.6 years) and the male:female ratio was 6:1. Raised intracranial pressure due to hydrocephalus was the main cause of the clinical manifestations. An isodense mass with multiple intratumoral cysts and homogeneous contrast enhancement was the characteristic computerized tomography finding. The lesions commonly involved the lateral ventricle with or without extension to the third ventricle. Cerebral angiography showed homogeneous vascular staining in five patients. Magnetic resonance images revealed a mass isointense with the cerebral cortex on both Y~-and T2-weighted images. Gadolinium-diethylenetriaminepenta-acetic acid-enhanced images showed homogeneous enhancement. Total removal of the tumor was possible in four patients. Pathologically, six cases were initially diagnosed as oligodendroglioma and the remaining case as ependymoma. However, immunohistochemieal studies demonstrated strong positivity for neuron-specific enolase in all seven cases and for synaptophysin in five cases. On electron microscopy, three cases showed well-defined neurosecretory granules and 10-rim microtubules in their cytoplasm and cytoplasmic processes. One patient developed a recurrent tumor 18 months after surgery. The remaining six patients are free of recurrent tumors at 2 to 62 months after surgery. It is suggested that neurocytoma must be included in the differential diagnosis of intraventricular lesions, and that electron microscopic and immunohistochemical studies should be undertaken.
I
NTRAVENTRICULAR neurocytoma was introduced to neuro-oncologists as a clinical and pathological entity by Hassoun, et al., in 1982. 3 They described the characteristics of two intraventricular tumors of neuronal origin as distinct from ganglion-cell tumors, neuroblastomas, or primitive neuroectodermal tumors. Since then, 30 cases have been reported. 1':'4-9,11-14
The main features of intraventricular neurocytoma include: a lateral ventricular location, occurrence in young adults, characteristic radiological findings, resemblance to oligodendroglioma or ependymoma on light microscopy, a favorable prognosis, and a neuronal origin seen on electron microscopy and immunohistochemistry. 13 We report seven cases of intraventricular neurocytoma that had been initially diagnosed as oligodendroglioma in six cases and as ependymoma in one, based on light microscopy. We retrospectively confirmed the diagnosis of neurocytoma with ultrastructural and immunohistochemical studies. In this paper, we analyze the clinical details including the radiological features, pathological findings, treatment, and prognosis. Magnetic resonance (MR) imaging with contrast enhancement was performed in three of the cases.
Clinical Material and Methods
This series includes seven patients with intraventricular tumors, all of which had been initially diagnosed as oligodendroglioma or ependymoma based on their appearance on light microscopy. The patients were managed at the Seoul National University Hospital between 1982 and 1990; one underwent a second operation at our institution after partial tumor excision at another hospital. The clinical charts and radiological investigations, including computerized tomography (CT), MR imaging on a 2-tesla system, and cerebral angiography, were reviewed. Histological slides were critically re-examined for all tumors that were diagnosed as oligodendroglioma or ependymoma and were located inside the lateral or third ventricle. Epon blocks saved for electron microscopy were cut and examined for evidence of neurocytoma. Immunohistochemical staining was performed using monoclonal antibodies and the avidin biotin complex method. Routine electron microscopy procedures were followed, with 2.5% glutaraldehyde fixation and osmium tetroxide postfixation.
Results

Clinical Data
At diagnosis, the patients (one female and six males) ranged in age from 15 to 38 years (mean 24.6 years). The duration of illness before diagnosis ranged from 1 week to 1 year (mean 3.1 months). The most common presenting symptoms were those related to raised intracranial pressure (ICP), with headache (100%), papilledema (86%), and vomiting (71%) predominating. Decreased visual acuity and memory disturbance were present in one patient (Case 4). The clinical features of the seven cases are summarized in Table l . 
Diagnostic Stud),
All seven patients underwent CT and cerebral angiography. The CT scans revealed that the tumors in six patients were round, well circumscribed, and of iso-or slight hyperdensity with smooth margins and small intratumoral low-density areas (Fig. 1) . In one patient (Case 2), the tumor was round and of mixed density, with irregular margins and intratumoral hemorrhage. Postcontrast images showed relative homogeneous contrast enhancement in all seven cases. Calcification within the tumor was seen in four cases, one of which appeared exceptionally dense. Hydrocephalus was an almost constant feature, marked by dilatation of both lateral ventricles, particularly on the side of the tumor. The CT findings are presented in Table 2 .
The angiographic findings are summarized in Table  3 . The tumors in five patients (71%) had homogeneous vascular staining (Fig. 2) . In one patient (Case I), the feeding artery was not definitely identified on the angiograms. No draining vein was visible in any of the cases.
Magnetic resonance imaging was performed in four cases ( Table 4 ). The signal of the mass was isointense with the cerebral cortex on both T~-and T2-weighted and proton-density images. Gadolinium-diethylenetriamine penta-acetic acid (Gd-DTPA)-enhanced images were obtained in three cases, all of which showed homogeneous enhancement. Serpiginous and punctate signal-void areas were seen, corresponding, respectively, iso, high iso iso +++ 7 iso iso iso ++ * Abbreviations: CE = contrast enhancement; iso = isointensity; high = high signal intensity; NP = study not performed; ++ = marked enhancement; +++ = very marked enhancement. to blood vessels and calcification (Fig. 3) . The tumor demarcation, site of attachment, and extent of the tumor were demonstrated more clearly on the MR images than on the CT scans.
Intraventficular neurocytoma
Treatment
Eight surgical procedures were performed on the seven patients because one patient (Case 6) underwent a second operation after partial tumor excision at another hospital. The approaches were: anterior transcallosal in three cases, frontal transcortieal in three, posterior parietal transcortical in one, and frontal plus posterior parietal transcortical in one. Gross total removal of the tumor was possible in four cases and subtotal removal was carried out in three cases. Profuse intraoperative bleeding was the main cause of subtotal removal in two patients (Cases 2 and 7). The tumor could be suctioned in six cases. Vascularity was moderate in five cases and calcified spots were observed during surgery in two. Demarcation of the mass was relatively sharp except at the area of attachment, which might have been the origin of tumor. In some areas, adhesion to the ventricular wall was seen without invasion. In one patient (Case 2), intratumoral hemorrhage was observed. The tumor mass was extended to the third ventricle in four cases and to the contralateral lateral ventricle in one. The attachment sites of the tumors were the septum pellucidum in three cases, the lateral wall of the lateral ventricle in two, the roof of the lateral ventricle in one, and the inferomedial wall of the lateral ventricle in one. The surgical findings are summarized in Table 5 . * Abbreviations: LM = fight microscopy; GM = glioblastoma multiforme; epdy = ependymoma; oligo = oligodendroglioma; R/O = ruled out; ? = not determined.
The preoperative diagnosis was oligodendroglioma or ependymoma in six cases and glioblastoma multiforme in the remaining case (Case 1). The diagnostic history of the seven patients is presented in Table 6 .
Postoperatively, five patients recovered uneventfully but contralateral hemiplegia and severe memory disturbance, respectively, developed in the remaining two cases. Postoperative radiation therapy had been administered in four cases without a specific protocol being given; one patient (Case 2) underwent craniospinal irradiation. No patient received adjuvant chemotherapy.
Pathology
Light Microscopic Findings. The tumor was composed of monotonal cells with uniform small round nuclei and a fine chromatin pattern (Fig. 4) . The nucleoli were inconspicuous. The cytoplasm of the neoplastic cells was clear or vacuolated or weakly eosinophilic, and was of uniform appearance. There was no mitosis, pleomorphism, or necrosis; no ganglion cells were seen. Capillary endothelial proliferation was found in one case (Case 3). Small eosinophilic fibrillary areas were present. In three specimens (Cases 2, 3, and 4), numerous amorphous or laminated calcifications were observed. In one case, there was ependymomatous peri-D. G. Kim, et al. lmmunohistochemical Findings. In all seven cases, neuron-specific enolase was strongly positive and showed a diffuse granular pattern. Synaptophysin was positive in the five cases so tested. Neurofilaments were negative in all seven cases. Glial fibrillary acidic protein (GFAP) was positive in a few cells scattered in the tumor masses; since they had dendritic processes and resembled astrocytes, they were thought to be entrapped non-neoplastic astrocytes. All of the tumor cells were negative for GFAP (Table 7) .
Ultrastructural Findings. The tumor cell nuclei was found to have a round-to-oval shape with euchromatin. There was chromatin condensation along the nuclear membrane. The perikaryal cytoplasm contained a fair number of mitochondria, tubular rough endoplasmic reticula, Golgi apparatus, and lysosomes. The remaining cytoplasm was filled with free-or polyribosomes. The intervening cytoplasmic processes contained parallel microtubules and membrane-bound electrondense or electron-lucent core neurosecretory granules (Fig. 5) . A few rough endoplasmic reticula and mitochondria were also present in the cytoplasmic processes. The neurosecretory granules were also present in the perikaryal cytoplasm, but were fewer than in the cytoplasmic processes. No synapses were found in any cases where an ultrastructural study was performed.
Prognosis
One patient (Case 1) developed a recurrent tumor 18 months after gross total removal. Although radiation therapy was tried after recurrence, he received only 1400 cGy before he rejected further treatment. The follow-up periods of the remaining six patients ranged from 2 to 62 months (mean 28.2 months). All seven patients are still alive.
Three patients with total tumor removal have no evidence of recurrence; in the three (Cases 2, 6, and 7) with subtotal removal, recurrence or progression of tumor has not yet been found. After surgery, one patient (Case 2) developed left hemiplegia which might be the result of injury to the fight motor cortex because the large tumor was removed transcortically. He can now walk alone with the aid of crutches, but he cannot return to his job. Postoperative memory disturbance, considered to be due to injury of the fornix during surgery, developed in Case 4. This complication has not been fully rectified at 31 months after surgery, but it is possible for the patient to accomplish his normal activity as a laborer.
Discussion
Literature Review
Attention has recently been drawn to intraventricular neurocytoma, a disease entity showing characteristic clinical and pathological features/~ According to previous reports, the characteristics of these tumors are: occurrence in young adults, an intraventricular location, a favorable prognosis, a differentiated form of neuroblastoma, and similarity to oligodendroglioma or ependymoma on light microscopy? 3 Nevertheless, the histogenesis, tumor origin, true incidence, clinical details, biological behavior, and even the terminology are still unknown or controversial.
Regardless of the nomenclature, we collected from the literature approximately 32 cases of this type of tumor presenting similar clinical and pathological findings.l'2'4-9'11-14 Although only a small number of cases have been reported, the true incidence may be higher than is thought because the symptomatic period is short and pathological diagnosis is not easy, particularly with light microscopy alone. Seven cases of intraventricular neurocytoma were retrieved from among approximately 1440 cases of biopsy-proven brain tumor treated between 1982 and 1990 at our institute. Based on these data, intraventricular neurocytomas accounted for about 0.5% of brain tumors. In our series, they arose in the lateral ventricle with or without extension to the third ventricle through the foramen of Monro in young adults. The presenting symptoms and signs were related to raised ICP due to hydrocephalus. The clinical data were very similar to those of the previously reported 32 cases except for the sex ratio; in our series, the male: female ratio was 6:1 while it was 14:18 in previously reported cases.
Differential Diagnosis
Intraventricular neurocytoma must be considered in young adult patients who have a relatively short period of illness and CT findings of isodense intraventricular tumor with multiple intratumoral low-density areas, calcification, and homogeneous contrast enhancement. Homogeneous vascular staining on angiography was another characteristic of this tumor in our series. An- giographically, only two of the reported tumors were described as vascular. ~'~4 The CT scan of one of our cases (Case 2) revealed intratumoral hemorrhage, which is not a usual finding of intraventricular neurocytoma. In all of the reported cases, including ours, the tumor was located in the lateral ventricle with or without extension to the third ventricle; one exception was confined to the third ventricle.
Magnetic resonance imaging revealed a mass that was isointense with the cerebral cortex on T~-and T2-weighted and proton-density images; however, the Gd-DTPA-enhanced images demonstrated homogeneous enhancement. The findings on unenhanced MR imaging were fairly consistent and were seen in four of our cases; similar features were found in five previously reported cases. ~,2'~'~ Reports of findings on contrastenhanced MR imaging could not be obtained from the literature. Once the characteristic clinicoradiological features are confirmed, we believe that it is possible to make a diagnosis of neurocytoma with reasonable confidence, although this still needs to be confirmed by histopathological and ultrastructural study.
Surgical Approach
The surgical procedures in our series were performed via either the transcallosal or transcortical routes. One patient (Case 2) underwent a transcortical approach by both frontal and parietal routes because the mass was too large to remove with a single approach. This patient developed postoperative hemiplegia due to surgical trauma. Each tumor was a well-circumscribed friable mass except at the site of attachment. The color varied from yellowish to dark red, and vascularity was modcrate. In two cases, bleeding was the main obstacle during the operation. The attachment to the ventricular wall was at the septum pellucidum in three of our seven cases. This finding differed from a previous report, which described the septum pellucidum as the most frequent attachment site. ~.4,J3
Prognosis
Although intraventricular neurocytoma is considered a benign tumor with a favorable clinical course, recurrence has been reported in one case in the literature j3 and in one of our cases. It is not known whether the neurocytoma can transform into a malignant type. von Deimling, et al., ~3 reported two cases of a malignant form of neurocytoma that exhibited high mitotic activity, considerable vascular proliferation, and tumor necrosis. For this reason, postoperative radiation therapy should be considered, especially in cases of subtotal tumor removal or of a histologically malignant form.
